Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.003 Å; R factor = 0.039; wR factor = 0.108; data-to-parameter ratio = 15.3.
The title compound, C 26 H 21 Cl 2 NO, crystallizes with two symmetry-independent molecules (A and B) in the asymmetric unit. In both molecules, the central heterocyclic ring adopts a sofa conformation. The dihedral angles between the planar part of this central heterocyclic ring [maximum deviations of 0.011 (1) and 0.036 (1) Å in molecules A and B, respectively] and the two almost planar [maximum deviations of 0.020 (1) and 0.008 (1) Å in A and 0.007 (1) and 0.011 (1) in B] side-chain fragments that include the aromatic ring and bridging atoms are 20.1 (1) and 31.2 (1) in molecule A, and 26.4 (1) and 19.6 (1) in molecule B. The dihedral angles between the planar part of the heterocyclic ring and the benzyl substituent are 79.7 (1) and 53.2 (1) in molecules A and B, respectively. In the crystal, weak intermolecular C-HÁ Á ÁO hydrogen bonds link the two independent molecules into dimers.
Related literature
For non-linear optical organic compounds with two-photon absorption properties and potential biophotonic materials, see: Nesterov et al. (2003 Nesterov et al. ( , 2007 ; Sarkisov et al. (2005) . For the biological importance of 4-piperidone, see: Jia et al. (1988) ; Dimmock et al. (2001) . For the synthesis of the title compound, see: Dimmock et al. (2001) . For related structures, see: Nesterov et al. (2003 Nesterov et al. ( , 2007 Nesterov et al. ( , 2011 . For details concerning weak hydrogen bonds, see: Desiraju & Steiner (1999) . For van der Waals radii, see: Rowland & Taylor (1996) Table 1 Hydrogen-bond geometry (Å , ). Data collection: APEX2 (Bruker, 2007) ; cell refinement: SAINT (Bruker, 2007) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL.
1-Benzyl-3,5-bis(4-chlorobenzylidene)piperidin-4-one V. V. Nesterov, S. S. Sarkisov, V. Shulaev and V. N. Nesterov
Comment
Continuing our work on the synthesis and structural investigations of nonlinear optical organic compounds with two-photon absorption properties and potential biophotonic materials (Nesterov et al., 2003; Nesterov et al. 2007; Nesterov et al., 2011; Sarkisov et al., 2005) , we investigated the crystal structure of the title compound. This compound belongs to a group that has shown anticancer activity (Jia et al., 1988; Dimmock et al., 2001) . It may also find application as an agent for locating cancer cells with two photon excited fluorescence and as a potential agent for a photodynamic treatment of cancer (Nesterov et al., 2003; Sarkisov et al., 2005) .
The molecular structure of the title compound is illustrated in Fig. 1 . The central heterocycle adopts a sofa conformation: atom N1A lies -0.721 (2) Å in (IA) and N1B lies 0.725 (2) Å in (IB) out of the central C 5 plane [planar within 0.011 (1) and 0.036 (1) Å, respectively]. Dihedral angles between the flat part of the heterocycle (atoms C2A,C3A,C4A,C5A,C6A in (IA) and C2B,C3B,C4B,C5B,C6B in (IB) and the two almost planar fragments that include the Ph-ring and the bridging atoms are 20.1 (1) and 31.2 (1)° in (IA) for (C7A-C13A) and (C14A-C20A), respectively and 26.4 (1) and 19.6 (1)° for (C7B-C13B) and (C14B-C20B), respectively. Such nonplanarity might partly be caused by the presence of short intramolecular contacts H2AA···H13A and H6AB···H20A in (IA) and H2BB···H13B and H6BA···H20B in (IB) with distances 2.19 and 2.18 Å in (IA) and 2.14 and 2.22 Å in (IB), that are somewhat shorter than the doubled van der Waals radii of the H atom (Rowland & Taylor, 1996) . Atoms N1A and N1B in the piperidone rings have a pyramidal coordination with the sum of bond angles equal to 331.4 (1) and 335.8 (1)°, while the methylene substituent connected to it occupies an equatorial position. The mutual orientations of the benzyl substituents and flat part of the heterocycles in both molecules are more different (dihedral angles are 79.7 (1) and 53.2 (1)°, respectively).
In the crystal there are several weak intermolecular C-H···O contacts ( Table 1 ) that could be considered as weak hydrogen bonds (Desiraju & Steiner, 1999 ) that link (IA) and (IB) molecules into dimers (Fig. 2) .
Experimental
The title compound was obtained according to the literature procedure (Dimmock et al., 2001) by the reaction of p-chlorobenzaldehyde with 1-benzyl-4-piperidone. The precipitate obtained was isolated and recrystallized from ethanol/acetonitrile
[v/v = 50/50]; Mp. 424 K, yield 86%). The title compound was characterized by 1 H and 13 C NMR spectroscopy.
Refinement
All C-bound H atoms were placed in idealized positions and allowed to ride on their parent atom: C-H = 0.95 and 0.99 Å for CH and CH 2 H-atoms, respectively, with U iso (H) = k × U eq (C), where k = 1.2 for all H-atoms. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0245 (7) 0.0260 (7) 0.0169 (7) 0.0114 (6) 0.0089 (6) 0.0108 (6) C1A 0.0262 (9) 0.0290 (9) 0.0191 (8) 0.0118 (7) 0.0101 (7) 0.0129 (7) C2A 0.0246 (9) 0.0240 (9) 0.0195 (8) 0.0090 (7) 0.0095 (7) 0.0084 (7) C3A 0.0226 (8) 0.0219 (8) 0.0186 (8) 0.0054 (7) 0.0065 (7) 0.0066 (7) C4A 0.0256 (9) 0.0253 (9) 0.0179 (8) 0.0078 (7) 0.0075 (7) 0.0085 (7) C5A 0.0211 (8) 0.0254 (9) 0.0200 (8) 0.0080 (7) 0.0071 (7) 0.0095 (7) supplementary materials sup-6 C6A 0.0223 (8) 0.0289 (9) 0.0208 (8) 0.0099 (7) 0.0100 (7) 0.0124 (7) C7A 0.0236 (9) 0.0270 (9) 0.0193 (8) 0.0068 (7) 0.0072 (7) 0.0095 (7) C8A 0.0219 (8) 0.0273 (9) 0.0158 (8) 0.0050 (7) 0.0053 (7) 0.0031 (7) C9A 0.0249 (9) 0.0310 (10) 0.0195 (8) 0.0045 (8) 0.0065 (7) 0.0088 (7) C10A 0.0244 (9) 0.0356 (10) 0.0201 (9) 0.0066 (8) 0.0101 (7) 0.0075 (8) C11A 0.0246 (9) 0.0324 (10) 0.0224 (9) 0.0081 (8) 0.0100 (7) 0.0023 (8) C12A 0.0305 (10) 0.0265 (9) 0.0254 (9) 0.0076 (8) 0.0114 (8) 0.0070 (7) C13A 0.0298 (9) 0.0279 (9) 0.0198 (8) 0.0064 (8) 0.0119 (7) 0.0073 (7) C14A 0.0211 (8) 0.0292 (9) 0.0213 (8) 0.0077 (7) 0.0086 (7) 0.0122 (7) C15A 0.0183 (8) 0.0300 (9) 0.0204 (8) 0.0097 (7) 0.0051 (7) 0.0105 (7) C16A 0.0241 (9) 0.0319 (10) 0.0244 (9) 0.0119 (8) 0.0111 (7) 0.0135 (8) C17A 0.0298 (10) 0.0304 (10) 0.0312 (10) 0.0148 (8) 0.0152 (8) 0.0139 (8) C18A 0.0219 (9) 0.0399 (11) 0.0249 (9) 0.0153 (8) 0.0122 (7) 0.0134 (8) C19A 0.0208 (9) 0.0337 (10) 0.0263 (9) 0.0081 (7) 0.0086 (7) 0.0159 (8) C20A 0.0209 (8) 0.0280 (9) 0.0227 (9) 0.0081 (7) 0.0060 (7) 0.0099 (7) C21A 0.0271 (9) 0.0259 (9) 0.0132 (7) 0.0113 (7) 0.0091 (7) 0.0090 (7) C22A 0.0307 (10) 0.0207 (9) 0.0252 (9) 0.0081 (7) 0.0094 (8) 0.0091 (7) C23A 0.0363 (10) 0.0264 (9) 0.0298 (10) 0.0183 (8) 0.0128 (8) 0.0097 (8) C24A 0.0260 (9) 0.0333 (10) 0.0245 (9) 0.0141 (8) 0.0106 (7) 0.0098 (8) C25A 0.0289 (9) 0.0238 (9) 0.0211 (9) 0.0072 (7) 0.0098 (7) 0.0066 (7) C26A 0.0333 (10) 0.0214 (8) 0.0192 (8) 0.0134 (7) 0.0111 (7) 0.0075 (7) 0.0246 (7) 0.0225 (7) 0.0189 (7) 0.0097 (6) 0.0109 (6) 0.0070 (6) C1B 0.0229 (8) 0.0234 (9) 0.0210 (8) 0.0080 (7) 0.0089 (7) 0.0060 (7) C2B 0.0238 (8) 0.0214 (8) 0.0206 (8) 0.0084 (7) 0.0106 (7) 0.0065 (7) C3B 0.0293 (9) 0.0253 (9) 0.0224 (9) 0.0111 (7) 0.0129 (7) 0.0111 (7) C4B 0.0419 (11) 0.0417 (11) 0.0281 (10) 0.0248 (9) 0.0209 (9) 0.0197 (9) C5B 0.0280 (9) 0.0244 (9) 0.0221 (9) 0.0104 (7) 0.0128 (7) 0.0105 (7) C6B 0.0265 (9) 0.0239 (9) 0.0202 (8) 0.0114 (7) 0.0126 (7) 0.0091 (7) C7B 0.0285 (9) 0.0281 (9) 0.0231 (9) 0.0107 (8) 0.0119 (8) 0.0109 (7) C8B 0.0250 (9) 0.0241 (9) 0.0195 (8) 0.0061 (7) 0.0095 (7) 0.0046 (7) C9B 0.0311 (10) 0.0251 (9) 0.0222 (9) 0.0086 (8) 0.0131 (8) 0.0086 (7) C10B 0.0338 (10) 0.0287 (9) 0.0246 (9) 0.0062 (8) 0.0178 (8) 0.0075 (8) C11B 0.0272 (9) 0.0255 (9) 0.0284 (9) 0.0074 (7) 0.0155 (8) 0.0040 (7) C12B 0.0306 (10) 0.0246 (9) 0.0245 (9) 0.0086 (8) 0.0119 (8) 0.0066 (7) C13B 0.0297 (9) 0.0259 (9) 0.0197 (8) 0.0076 (7) 0.0125 (7) 0.0065 (7) C14B 0.0276 (9) 0.0263 (9) 0.0212 (8) 0.0108 (7) 0.0107 (7) 0.0120 (7) C15B 0.0186 (8) 0.0230 (8) 0.0210 (8) 0.0056 (7) 0.0073 (7) 0.0084 (7) C16B 0.0227 (8) 0.0288 (9) 0.0240 (9) 0.0103 (7) 0.0113 (7) 0.0154 (7) C17B 0.0237 (9) 0.0288 (9) 0.0303 (9) 0.0145 (7) 0.0126 (8) 0.0143 (8) C18B
0.0223 (8) 0.0284 (9) 0.0230 (9) 0.0101 (7) 0.0126 (7) 0.0091 (7) C19B 0.0271 (9) 0.0292 (9) 0.0214 (9) 0.0121 (8) 0.0113 (7) 0.0130 (7) C20B 0.0262 (9) 0.0245 (9) 0.0229 (9) 0.0122 (7) 0.0110 (7) 0.0110 (7) C21B 0.0183 (8) 0.0251 (9) 0.0200 (8) 0.0084 (7) 0.0049 (7) 0.0071 (7) C22B 0.0255 (9) 0.0302 (10) 0.0243 (9) 0.0142 (8) 0.0091 (7) 0.0095 (8) 
